
SHORT COMMUNICATIONS 471 

BBA 33159 

Optical rotatory dispersion and circular dichroism of phospholipase A 2 and 
its zymogen from porcine pancreas 

Phospholipase A, isolated in a pure form from porcine pancreas, acts on 3-sn- 
phosphoglycerides with specific hydrolysis of fa t ty  acid ester bonds at the glycerol 
C-2 position 1. The protein has a molecular weight of 13 800 ~ 500 and appears to 
consist of a single polypeptide chain with alanine and cystine as C- and N-terminals. 
A single-chain precursor of phospholipase A 2 which has a molecular weight of about 
15 ooo is converted to the catalytically active form by trypsin 2, which releases a hepta- 
peptide, Glu-Glu-Gly-I le-Ser-Ser-Arg,  from the N-terminal end. In this peptide as 
well as in the zymogen itself the N-terminal glutamic acid has no free a-NH 2 group. 
In order to obtain information on the relative conformation of these proteins, the 
optical rotatory dispersion and circular dichroic properties of prephospholipase A 2 
and phospholipase A 2 have been compared. 

Prephospholipase A 2 and phospholipase A 2 were prepared from pancreatic tissue 
as previously described1, ~, and kept in lyophilized form until use. As judged by poly- 
acrylamide-gel electrophoresis both preparations were single components. Urea (Baker 
Chemical Co., Phillipsburg, N.J.) was recrystallized from 50% ethanol. Guanidine- 
HC1 was prepared from guanidine carbonate (Matheson Co, Joliet, IlL) and was 
recrystallized from ethanol. A Cary Model 6OOl spectropolarimeter equipped with a 
circular dichroism at tachment  was used to record the optical rotatory dispersion and 
circular dichroic spectra. All measurements were made at 27 ° using a o.I-ml path- 
length cell (Pyrocell, Orangeburg, N.J.) filled with solutions containing 1-2 mg of 
protein. The value of molar ellipticity I03 was obtained from the relation [0] = 
(0/lO). (M/lc) where 0 was observed ellipticity, M (mean residue weight) was 112, l was 

60 

40 ._E 

E 
9 

= 
0 m 

- 1 0  

2bo a~o ' 28o ~ 2% 
X ( rn~. ) ~(mlJ) 

Fig. I. Optical ro ta to ry  dispersion pa t t e rns  of phospholipase A s ( ) and prephosphol ipase 
As ( - - - ) ,  in phospha te  buffer (pH 7.4) at  27 ° and protein concentrat ions of I to 2 mg/ml. 

Fig. 2. Circular dichroic spectra  of phospholipase A s ( -  ) and prephospholipase Al ( - -  - -  - - )  
in phospha te  buffer (pH 7.4) at  27 ° and protein  concentrat ions of i to 2 mg/ml.  
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cell pa th  length in cm and c was concent ra t ion  of solute in g/ml. Pro te in  con ten t  was 
de te rmined  b y  the me thod  of LOWRY et  a l .  3. 

As demons t r a t ed  in Fig. I ,  bo th  prephosphol ipase  A 2 and phosphol ipase  A 2 gave 
ve ry  s imilar  opt ica l  r o t a t o r y  dispersion pa t t e rns  with features  typ ica l  of  an a-helix,  
namely  a negat ive  t rough with  a min imum at  233 m~, a cross-over point  at  224 m/,, 
a shoulder  between 21o and 215 m~, and a posi t ive Cot ton effect with a m a x i m u m  at  
198 m/z. The ro t a to ry  pa rame te r s  of prephosphol ipase  A 2 were s l ight ly  bu t  consis tent ly  
lower t han  those wi th  phosphol ipase  A 2. The circular  dichroic spec t ra  (Fig. 2), in 
agreement  wi th  the  opt ica l  r o t a t o r y  dispersion studies,  were compat ib le  wi th  the  
presence of an a-hel ix and  were charac ter ized  b y  two negat ive  bands  with e x t r e ma  at  
222 and 2o 9 m#  and a posi t ive peak  with  a m a x i m u m  at 194 m/z. As ind ica ted  in Fig. 2 
the  band  posi t ions were ident ica l  in bo th  products .  Spect ra l  differences between 
phosphol ipase  A 2 and its precursor  were l imited.  Values of 5o and 55 % a-hel ix for 
prephosphol ipase  A 2 and phosphol ipase  A2 were ca lcula ted  using e l l ip t ic i ty  values of 
the  222-m# band.  In  bo th  prephosphol ipase  A 2 and phosphol ipase  A 2 an increase of 
p H  of the  medium to 9 to i i  b rought  about  an accentua t ion  of the  2o8-m# band,  
wi thout  changing the typ ica l  a-helical  pa t te rn .  The spec t ra  of bo th  prephosphol ipase  
A., and phosphol ipase  A were not  affected in 8 M solutions of urea, while only l imi ted  
effects ind ica ted  b y  a slight reduct ion  of the  molar  e l l ip t ic i ty  value of the  222-m# band  
were observed in media  conta in ing 7 M guanidine HC1 (Fig. 3). The spec t ra  were not  
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Fig. 3. Circular dichroic spectra of phospholipase A 2 (b) and prephospholipase A~ (a) beff~re (I) and 
after addition of 8 M urea (II) and 7 M guanidine-HC1 (III). All experiments were carried out at 
pH 7.4 and 27 ° . 

affected b y  prolonging the contac t  of the  dissociat ing agent  wi th  the  enzyme prepa-  
ra t ion  up to 4 days.  This observat ion  subs tan t i a tes  the  finding tha t  the  enzymat ic  
ac t iv i ty  of phosphol ipase  A 2 was not  impai red  af ter  exposure  to these agents  4. Re- 
duct ion of  bo th  prephosphol ipase  A 2 and phosphol ipase  A 2 caused a complete  inact i -  
va t ion  of the  enzyme and a d i sappearance  of all electronic t rans i t ions  indica t ive  of  a 
conversion toward  a d isordered s t ructure .  

In  summary ,  the  present  spec t ra l  s tudies  indicate  tha t  bo th  the  zymogen and 
the act ive form of  phosphol ipase  A~ from porcine pancreas  have a high content  in 
a-helix, the  non-hel ical  por t ion  of the  molecule p robab ly  represent ing  a d isordered 
s t ructure .  The ac t iva t ion  of prephosphol ipase  A appears  to give some conformat iona l  
changes compat ib le  wi th  a slight increase of a-helical  content  in the  act ive form of  
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the enzyme. Whether this represents a true increase in helical content or is simply the 
consequence of the splitting off of the N-terminal heptapeptide cannot be ascertained 
by the present studies. Both proteins resist spectral changes in the presence of high 
concentrations of urea or guanidine HC1, a behaviour probably related to the high 
content of disulphide bridges in phospholipase A 2 and its zymogen. 
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Viscosity and hydrogen ion equilibrium studies of the effects of organic 

solvents on the conformation of bovine serum albumin in aqueous solutions 

The conformation of bovine serum albumin undergoes reversible changes in the 
pH region below 4-3 (refs. I and 2). The changes are caused by electrostatic forces ~ and 
are mainly in the form of expansion. In this communication we report the effect of 
organic solvents on the conformation of bovine serum albumin in acidic aqueous 
solutions. 

Viscosity measurements were carried out at 25.oo ~= o.o5 °, using a Cannon- 
Ubbelohde No. 5 ° viscometer described in the previous paper 4. The flow time for water 
with this viscometer was 227.2 sec. The precision was about o.I sec ; occasionally, larger 
deviations were observed. The kinetic energy correction was negligible with this 
viscometer. 

Titration was performed with a Radiometer titrator type TTTIC connected to 
a scale expander type pH A63oT. The temperature was kept constant at 25.00 i 
0.05 ° . 
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